Introduction {#Sec1}
============

Behcet's disease (BD) is a recurrent inflammatory disease characterized by four main symptoms, including recurrent oral ulcers, genital ulcers, skin lesions and uveitis \[[@CR1], [@CR2]\]. BD has been spread worldwide; however, it is observed more commonly along the Silk Road \[[@CR3]\]. The etiology and pathogenesis of BD is unknown \[[@CR2], [@CR4]\]. However, environmental and genetic factors are important agents in the development of the disease \[[@CR2], [@CR3]\]. Complex HLA/MHC is a genetic region with a biologically important action that is strongly associated with autoimmune diseases such as BD, ankylosing spondylitis (AS) and reactive arthritis \[[@CR3], [@CR4]\]. Although MHC class I specially "HLA-B5/B51" have the strongest associations with BD; data about "HLA-B27"are conflicting and may increase susceptibility to BD \[[@CR2], [@CR5], [@CR6]\]. HLA-B27" is one of the attractive issues in medicine that play an important role in the pathogenesis of diseases like seronegative spondyloarthropathies and have a protective role in some infections \[[@CR2], [@CR7]\]. The frequency of "HLA-B27" varies among populations which may be the result of genetic and environmental factors \[[@CR8], [@CR9]\]. Furthermore, linkages between HLA-B alleles with other MHC and non-MHC genes could alter the penetration and clinical expression of the disease \[[@CR7], [@CR10]\]. Although these antigens are not as diagnostic criteria but are used for the conforming of diagnosis and the assessment of complications \[[@CR10]\]. We conducted a systemic review and meta-analysis on case--control articles in order to the evolution of Behcet disease--gene association with the goal calculating the risk increase for BD progression related to "HLA-B27" and comparing among across the continents.

Methods and materials {#Sec2}
=====================

Case--control articles in which the "HLA-B27"related to BD were searched by electronic searches of the PubMed, Scopus, ProQuest, EMBASE, SID (Scientific Information Data 5 IranDoc (Iranian Research Institute for Information Science and Technology), Magiran and IranMedex electronic databases from January 1975 to Aug 2017 using key words of Behcet's disease, Behcet's syndrome, HLA-B27, B27, B\*27 and their combinations. The Preferred Reporting Items for Systematic Reviews (PRISMA) checklist and PICO approach (participants: population with Behcet's disease; interventions: genetic background for positive HLA-B27; comparison: patients with BD and control groups) \[[@CR11]\] used for the search. References of the related review studies were assessed manually. In addition, unpublished studies and documents (grey literatures), and studies offered at congresses were scanned. In the item of unpublished studies or ambiguous data, we contacted the authors to gain further information. Besides, because of the rareness of BD in certain areas, a number of articles were also included that did not conform to the PRISMA checklist to allow coverage of specific items in the results. Papers designed as a case--control study and had acceptable information to create a 2\*2 table in BD patients and controls for the frequency of "HLA-B27" were included the study. Moreover, all subtypes of "HLA-B27" with or without concomitance with other kinds of HLA class I alleles and all ages, genders, countries and ethnicities were reflected as inclusion criteria. Studies recording animal samples, case reports, case series, letters, disagreements between the authors, as well as studies in which a subset of BD patients (such as ankylosing spondylitis and uveitis) were excluded. This study has been conducted at Tissue Disease Research Center (TDRC) of the Tabriz University of Medical Sciences/Iran.

Eligible studies and data extraction {#Sec3}
------------------------------------

All articles were independently assessed by two appraisals (K.A. and V.L.). Any disagreement between the authors was referred to third author (G.M.) for eligibility. Extraction from each 6 article was conducted independently by two authors. The following data were collected: the name of first author, published date, study population location, BD samples, control samples and frequency of HLA-B27-positive cases and controls. Then countries divide to four groups, including of the Far East, Middle East, Europe and Africa. Nonetheless Turkey is geographically portion of Europe; however, it was included in the Middle East because of genetic matters of population.

Statistical analysis {#Sec4}
--------------------

Odds ratio (OR) with 95% confidence interval (95% CI) were measured for all studies. Data were based on pooled to compare the frequency of "HLA-B27" between BD cases and controls using a random effect model of meta-analysis.

Heterogeneity between studies was measured using Cochran's Q and I^2^ tests to determinate the percentage of changes among studies using the software CMA v.2.0.

To survey of publication bias Funnel plot analysis was used for investigating the publication bias. Moreover, publication bias was evaluated using the Egger's test. The results of the metaanalysis were presented as forest plots. All statistical tests were 2-tailed and a p-value lesser 0.05 was considered statistically significant. Endnote X5 was used to classify the data, review the titles and abstracts, as well as identify duplicated studies.

Ethics statement {#Sec5}
----------------

The protocol of the study was approved by the Ethics Committee of Tabriz University of Medical Sciences and all data were kept without stating the patients' names and addresses.

Results {#Sec6}
=======

The flow chart of systematic review is shown in Fig. [1](#Fig1){ref-type="fig"}. A total of 495 papers, 126 papers were 7 excluded as duplication, 305 papers were excluded after reviewing titles and abstracts, and 42 papers dies after reviewing full texts. A final total of 22 articles met the inclusion criteria for the meta-analysis that the characteristics of papers \[[@CR2], [@CR4], [@CR5], [@CR10], [@CR12]--[@CR29]\] are shown in Table [1](#Tab1){ref-type="table"}.Fig. 1Flow diagram of studies for inclusion in the systematic review and meta-analysis Table 1Characteristics of studies (case and control groups) with Behcet disease through the world and continentsAuthorsPlacesCases\
N = 22 papersControls\
N = 22 papersEffect size and 95% CIHeterogeneitySample size (F %)HLA-B27 (F)Sample size (F %)HLA-B27 (F)OR % (lower limit--upper limit), P-valuedf (Q)P-valueI^2^Far East Takano et al. \[[@CR12]\]Japan73 (43.5)0141 (45.6)3-------- Chung et al. \[[@CR13]\]Republic of China51 (30.4)4128 (41.4)6-------- Cibo et al. \[[@CR14]\]China44 (26.2)940 (12.9)12-------- Subtotal168 (4.3)13309 (5.1)210.82% (0.36--1.86), *P *= 0.620.337.63Middle East Brautbar et al. \[[@CR15]\]Israel24 (0.8)0615 (16.9)28-------- Yazici et al. \[[@CR16]\]Turkey36 (1.3)586 (2.4)4-------- Muftuuglu et al. \[[@CR17]\]Turkey119 (4.2)7268 (7.4)9-------- Gul et al. \[[@CR2]\]Turkey174 (6.1)6191 (5.3)7-------- Pirim et al. \[[@CR18]\]Turkey75 (2.6)754 (1.5)6-------- Mizuki et al. \[[@CR19]\]Turkey33 (1.2)165 (1.8)6-------- Ombrello et al. \[[@CR20]\]Turkey1190 (41.7)441257 (34.6)42-------- Xavier et al. \[[@CR21]\]Iran973 (34.1)25824 (22.7)21-------- Al-Okaily et al. \[[@CR22]\]Saudi Arabia60 (2.1)160 (1.7)1------ Mizuki et al. \[[@CR23]\]Turkey172 (6.0)43212 (5.8)12------ Subtotal2856 (72.5)1393632 (59.8)1361.38% (0.83--2.32), *P *= 0.290.0063.08 Europe Chamberlain \[[@CR24]\]UK28 (5.1)7613 (34.4)15-------- Lehnar et al. \[[@CR25]\]UK65 (11.9)8300 (16.8)17-------- Munoz-Saa et al. \[[@CR26]\]Spain24 (4.4)0165 (9.2)7-------- Subtotal544 (13.8)341784 (29.4)572.86 (0.90--9.02), *P *= 0.0750.0077.46Africa Bettencourt et al. \[[@CR10]\]Portugal78 (14.3)8208 (11.7)0-------- Piga et al. \[[@CR4]\]Italy45 (8.3)3185 (10.4)8-------- Montes-Cano et al. \[[@CR27]\]Spain304 (55.9)8313 (17.5)10--------Subtotal544 (13.8)341784 (29.4)572.86 (0.90--9.02), *P *= 0.0750.0077.46 Choukri et al. \[[@CR28]\]Morocco86 (23.2)3116 (33.0)8-------- Salky et al. \[[@CR29]\]Tunisia165 (44.5)0124 (35.2)4-------- Radouane et al. \[[@CR5]\]Morocco120 (32.3)16112 (31.8)3--------Subtotal371 (9.4)19352 (5.8)151.44% (0.27--7.73), *P *= 0.620.0371.15Total3939 (100)2056077 (100)2291. (1.01--2.38), *P *= 0.04210.0066.97*OR* odds ratio, *CI* confidence interval, *df* degrees of freedom, *I*^*2*^ I-squared, *P* P-value, *F* Frequency, *%* Percentage

The final data contained a total of 3939 cases and 6077 controls with a larger sample size for Xavier et al. from Iran \[[@CR21]\]. Furthermore, a higher case and control populations related to the Middle East and a higher ratio control than case population related to the Europe. The pooled OR for BD susceptibility was 1.55 (95% CI 1.01--2.38) with significant difference (P = 0.04) that the results are shown in Fig. [2](#Fig2){ref-type="fig"}. In most areas, the pooled ORs for HLA-B27-positive to progress BD were \> 1 through the countries. Comparison among continents illustrated that Europe had higher the pooled OR of "HLA-B27" than Africa, Middle East and Far East. The pooled OR was more than one for all continents exception the Far East (Table [2](#Tab2){ref-type="table"}).Fig. 2Forest plot of HLA-B27 in Behcet disease between case and control groups with a 95% confidence interval Table 2Comparison the indicators of studies across continentsGroupNumber studiesEffect size and 95% confidence intervalTest of null (2-tail)HeterogeneityORLower limitUpper limitZ-valueP-valueQ-valuedf (Q)P-valueI-squaredFar East30.820.361.860.460.642.1620.337.63Middle East91.380.832.321.250.2124.3790.0063.08Europe62.860.909.021.790.0722.1850.0077.46Africa31.440.277.730.430.666.9320.0371.15Total221.551.012.382.010.0463.58210.0066.97

The between-study heterogeneity was moderate (Total I^2^ = 66.97%), so the Random-Effect Model was the selected method for statistical analysis at this study. The tests with P50% stated significant heterogeneity. A funnel plot was used to detect publication bias in meta-analyses had a slightly asymmetric shape and Egger's test (t-value = 0.006, df = 20, P-value = 0.99)) was not statistically significant (Fig. [3](#Fig3){ref-type="fig"}). In addition, Meta-regression was performed based on year of publication. The results of Metaregression showed that the slope of the regression line was not significant. Such that with an increase of 1 year, 0.012 units decreases the log odds ratio for the incidence of the disease (β = − 0.012, sd = 0.015, P-value = 0.44) (Fig. [4](#Fig4){ref-type="fig"}).Fig. 3Distribution publication bias or funnel plot Fig. 4Meta Regression based on year of publication

Discussion {#Sec7}
==========

The pooled estimates of this meta-analysis of 3939 cases and 6077 controls indicate that the risk of "HLA-B27" for BD progression is increased by a factor of 1.55. In current study, 22 articles were included in a meta-analysis in order to assess the association between "HLA-B27" frequency and BD. To the best of our knowledge, this study is the first meta-analysis study which compare the frequency of "HLA-B27" in BD patient and healthy individuals. Previous studies have been performed on "HLA-B51/B5" which has been known as the strongest association in BD \[[@CR22], [@CR30]\] with an odds ratio of 5.78 in carriers than non-carriers \[[@CR2]\]. However, recent studies showed new susceptibility genes in the rest regions of the HLA class I and numerous non-HLA genes for BD \[[@CR20], [@CR31], [@CR32]\]. This study has been conducted regarding to the role other genes and it seems that there is a correlation between BD and "HLA-B27"; however, this correlation is weak in comparison with "HLA-B51/B5".

Behcet's disease is a type auto inflammatory disorder and numerous genetic and environmental factors rising interest to develop BD \[[@CR3], [@CR33]\]. Mc Gonagle et al. revealed that BD, psoriasis, psoriatic arthritis (PsA) and spondyloarthropathies (SpAs) can be considered to have a strongly shared immunopathogenetic basis \[[@CR34]\]. All these diseases clinically overlapping together and associated with MHC class I (MHC-I) alleles such as "HLA-B51", "HLA-B5", "HLA-B27"and HLA-C0602, although these connections are stronger in some diseases \[[@CR20], [@CR21]\]. However, other class 1 alleles are also expected to be involved. Indeed, the risk of the HLA-B27 allele appears to be shared in all SpA and Behcet's disease groups \[[@CR20], [@CR31]\].

In another study, Gül has stated that, despite the strong relationship of HLA-B51 with BD, there is a controversy about this relationship because of role of the other variants of MHC class I \[[@CR35], [@CR36]\]. In another comprehensive review has been emphasized on the role of other class 1 alleles in BD based on the results of recent studies \[[@CR35]\]. Indeed, it seems that the role of "HLA-B51" on BD is unclear whether "HLA-B51" gene is BD susceptibility itself or other genes are effective in the disease \[[@CR35], [@CR36]\]. Therefore, this meta-analysis was conducted to gain information concerning relationship between BD and the HLA-B27 allele. As BD is a chronic and relapsing vasculitis, with involvement several body systems and significant morbidity and mortality \[[@CR37]\] a comprehensive disease management is necessary to prevent or minimize the effects of the disease \[[@CR3], [@CR32]\]. On the other hand, due to progression in knowledge the pathogenesis of BD, and introduction immunologic agents as risk factors \[[@CR3]\], a good management could perform according to pathogenesis of BD \[[@CR3]\]. For instance, in patients with BD due to the lack of diagnostic pathognomonic laboratory tests, disease identified according to clinical criteria \[[@CR32]\]. It is expected that these factors could be used as diagnostic criteria in the future.

As a consequence, on time diagnosis, appropriate treatments and good fallow up could reduce morbidity and mortality or improve patient outcomes \[[@CR32]\]. In subgroup analysis, the higher pooled OR related to of European, followed by African and Middle East population. In the Far East, "HLA-B27" was a protective factor for developing BD.

Ultimately, according to the result this study, the chance for "HLA-B27" to develop BD differ among different countries or geographical areas with an increasing rate from East to West. In general, the result of numerous studies shows the difference in HLA-B27 distribution and its subtypes between population groups in worldwide \[[@CR38]--[@CR40]\] ranging from about 0% in Australian Aborigines, rare in the American black \[[@CR8]\], 0.1--0.5% in Japanese, 2--9% in Chinese, 4% in North Africans and 8% in Caucasians \[[@CR8], [@CR38]\]. These differences are influenced by several factors such as ethnicity, geographic alterations, interaction with other genes, connection alleles with some forms of diseases, and environmental agent.

Moreover, migration from Asia to Europa or genetic drift and bottleneck effect, especially at the Middle East could express these changes \[[@CR39]\]. In a study, Akassou was implied to relationship the HLA-B27 with high concentrations of testosterone in men \[[@CR41]\]. In another study, Reveille JD in US observed a significantly higher odds for "HLA-B27" in younger than older adults \[[@CR9]\]. Interaction between the HLA-B27 and foreign agents, such as human immunodeficiency virus (HIV), hepatitis C, Klebsiella, Shigella and Salmonella has been reported in a number of studies \[[@CR9], [@CR42]\]. In another study, Shimizu et al. reported the changes of microbes in the intestines of BD-patients with perdominity of Actinobacteria and Lactobacillus species following the stimulation of T helper 17 (Th17) cells \[[@CR42]\].

Gene association studies displaying interaction of "HLA-B27" with ERAP1, ERAP2 and HLA-B60 genes \[[@CR8], [@CR43]\]. Also, the antigen of β2-GPI which lead to the presence of antiphospholipid antibodies has been considered in the development of autoimmune diseases \[[@CR44]\].

It was clear that the accurate diagnosis of disease, improvement in the detection of pathogenic mutations in DNA and increased number of reports were going to have effect on the distribution of the "HLA-B27".

Strength and limitation {#Sec8}
-----------------------

The advantage of the present study was the use of pooled OR for analysis and, comparison "HLA-B27" frequency between BD patients and controls for the first time.

This study was limited by incomplete information that prevented subgroup analysis for sex and age. Analysis of pooled OR for "HLA-B27"in subsets of BD or independent of HLA-B51/B5 is 10 recommended. As "HLA-B51"is the strongest associated with BD in variant ethnic populations, so it is suggested analyzing the frequency of "HLA-B27" independent from "HLA-B51".

Conclusion {#Sec9}
==========

Previous studies have been established the efficacy of HLA class I gens especially "HLA-B51" on BD. Based on the results of this study, the relationship between disease and "HLA-B27" could be explained. On the other hand, this study consider the impression of other HLA-B alleles ("HLA-B27") on the risk of BD and the reinforcement of hypothesis Behcet disease--gene association. Fluctuations in risk ratios were explained due to the interconnection between environmental and genetic factors with "HLA-B27". Future research should be conducted into the more evaluation of "HLA-B27" in BD, independent or concomitance of other agents, assessment the relationship this gene with clinical presentations and detection application these alleles in the management of disease.
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